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ABSTRACT 
 A critical overview of forensic science was performed by the National 
Academy of Sciences (NAS) in 2009 which resulted in several recommendations 
for the advancement of the hair analysis discipline within the field of trace 
evidence examination. Among them included improvements to training and 
proficiency testing requirements, adaptation of uniform protocols between all 
laboratories, and enhanced research and development efforts aimed at reducing 
the subjectivity between multiple analysts or within the same analyst. A survey 
was created for forensic hair analysts to determine what current microscopic hair 
examination procedures are being used and to identify variability between 
characteristics of individual examiners and laboratory practices in the field, three 
years following the NAS report. The survey was completed by 117 members of 
the American Society of Trace Evidence Examiners (ASTEE) and contained 
questions about the experience and training of the analyst, impact of the NAS 
report findings, type of hair examinations performed, and hair features referenced 
during microscopic hair comparisons. Most analysts surveyed received the same 
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substantial amount of training and have several years of experience; however, 
very few reported that any laboratory procedures were affected as a result of the 
NAS report. Though hair analysis is not structured by mandated, uniform 
standard operating procedures, largely the same number and type of hair 
features are being referenced when microscopic hair comparisons are 
performed, indicating that little variability exists between laboratories or individual 
examiners. A trend toward more frequent root screenings for DNA viability and 
less frequent full microscopic hair comparisons was detected and supplemented 
by a shift of hair analysis from trace evidence sections to biology or DNA 
sections. Several technologies new to forensic hair analysis are currently being 
explored to supplement hair analyses with numerical data and, therefore, reduce 
subjectivity of forensic hair analysis.  
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Introduction 
i. Forensic hair evidence 
 
 Human hair exhibits a wide variety of unique characteristics, and 
combined with its natural propensity to be shed, hair may become a compelling 
piece of forensic evidence. On average, 100 hairs are shed naturally from the 
human head every day, after which hairs may be transferred multiple times or 
remain where they have fallen if left undisturbed1,2. These qualities have allowed 
hair to remain an effective form of associative trace evidence since its first 
recorded forensic use in 1871 by German Professor Rudolph Virchow2.  Virchow 
recognized the power of identification that hair could convey after he discovered 
in one particular case that foreign hairs found on the victim were irrefutably 
similar to the hair of the main suspect. However, the certainty and confidence 
behind positive hair identifications came into question around the turn of the 
century2. A French publication in 1910 outlined the first basic procedures for 
microscopic analysis and comparison of hair morphology2, and despite numerous 
attempts at creating simpler, more efficient instrumental test methods over the 
century since, the original microscopic techniques still remain the backbone of 
the methods used by trace evidence hair examiners today2,3.  
 Much controversy exists in the field regarding the subjective nature of 
microscopic hair analysis and the value of its conclusions. Determination of hair 
features is considered subjective due to the fact that two hair examiners may 
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characterize the same hair differently, and variation may exist within analyses by 
the same examiner4. Bisbing and Wolner describe subjectivity in hair analysis as 
an amalgamation of training, experience, and education, none of which can be 
uniform between analysts5. Many analysts agree that hair evidence cannot be 
used to conclude with certainty that an unknown hair came from a particular 
individual, and that supporting analyses are required to make such a concrete 
conclusion3,6-8. These opinions are based on the fact that much variation exists 
between hairs from different individuals, as well as hairs within the same 
individual, or even different segments along the same strand of hair5,9-11. 
 
ii. Hair structure and features 
Hair is composed of a series of keratin protein chains cross-linked with 
disulfide bonds, which are responsible for the strength and resistance to 
degradation that forensic analysts depend on2. This robust nature of hair allows 
for an unimpeded microscopic examination of new or aged hair samples. The 
basic structure of a hair includes the outer cuticle layer, the inner cortex layer, 
and the central medulla shaft within the cortex (Figure 1). The cuticle is 
translucent, and is comprised of a single layer of thin, overlaid scales that provide 
protection from the elements2,12.  Cuticle scales on human hair are flat with a 
uniform imbricate pattern, while in animals, the scale shape and pattern may be 
characteristic of a particular species2.  Scales point toward the distal tip, and may 
be used to identify directionality if roots or tips are difficult to distinguish from one 
3 
 
another or are absent10. Both the inner and outer edges of the cuticle, referred to 
as the cuticle margin, may be analyzed during microscopic hair comparisons, as 
the inner cuticle margin may appear cracked or smooth, and the outer cuticle 
margin may be cracked, ragged, serrated, or flattened (Figure 2)2.  
 
The cortex contains bonded keratin filaments in a protein-rich, birefringent 
matrix2.  Air-filled spaces called ovoid bodies are present within the matrix, and 
their shape and distribution may be used as characteristics of comparison when 
examining a sample. The cortex also contains pigment granules that dictate the 
natural hue of the hair. Melanin pigment is present in black and brown hair, and 
phaeomelanin is found in natural blonde and red hair. The actual hair shade may 
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vary due to the concentration, distribution, and size of the pigments12. Other 
characteristics of pigment granules available as points of microscopic 
comparison include their shape, concentration, aggregation, and distribution. As 
pictured in Figure 3, pigment may be absent, evenly distributed, or clumped in its 
distribution2.  
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Surrounded by the cortex is the innermost medulla. Cylindrical medulla 
cells grow outward from the root and exist as a column of air- or fluid-filled cells 
that span about one third of the diameter of the human hair2,10. The size of the 
medulla cells change as the hair grows, but at full maturity, the medulla is a 
compact stack of wide, flat cells12. Medullary cells are rich in glycogen, and serve 
the purpose of protecting the hair with the cushioning hollow core2,13. It may be 
difficult to view the medulla microscopically due to poor contrast between it and 
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dark, heavily-pigmented or opaque hairs, so it occasionally may need to be 
viewed over a dark surface or under a polarized light microscope (PLM)2. The 
medulla may allow human hair to be easily distinguished from animal hair, as the 
medulla is often patterned and can extend over more than half of the hair width in 
animal hairs. The most often examined characteristics of the medulla include 
identification of the presence or absence of a medulla, as well as the continuity or 
distribution of medulla cells throughout the hair shaft (Figure 4)2.  
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The proximal root is a very significant hair feature, as it may describe the 
state of the hair at the time it was shed or forcibly removed, which could 
corroborate or refute the reported activity that occurred during a crime. The root 
experiences three phases of growth called the anagen, catagen, and telogen 
phases. The anagen or growth phase is the longest phase, lasting from 2 to 8 
years14. During this time, the root is enveloped by root sheath tissue and would 
not readily be shed from the scalp (Figure 5). Hair growth slows considerably, 
pigment stops being synthesized, and the root sheath begins to separate during 
the brief 2 to 4 week catagen phase, and growth ceases completely in the 2 to 4 
month telogen phase12. Telogen hairs are common evidence samples as they 
may be naturally shed during a crime. They may be clubbed and void of any 
epithelial tissue, or they may exhibit a thin strip of secondary germ tissue which 
secures the hair in the follicle before being ultimately shed, referred to as the 
germinal nipple14. Hair may be forcibly removed from a victim or suspect during a 
struggle, in which case, the hair would most likely be in the anagen phase, as a 
majority of hair is in this growth phase at any given time3. Evidence samples are 
least commonly found in the catagen phase due to its short duration14.  
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The distal tip of the hair, opposite the root, may indicate when the hair was 
last cut, as well as its general health. A recently cut hair may allow for the 
determination of the implement that was used to cut it, as scissors, clippers, and 
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even glass leave distinctive patterns on the tip edge (Figure 6)2. The tip will be 
noticeably blunt after being cut, but will become rounded and possibly tapered in 
about 3 weeks following the cut. If healthy hair continues to grow without being 
cut, the rounded tips will remain, but if hair is dry or damaged, the tips may begin 
to split. Splitting can be viewed as a small, single split, or multiple splits at the tip 
extending upward through the shaft. Aside from these natural tip characteristics, 
the hair itself may become crushed, singed, or ripped, depending on the 
circumstances of the crime.  
3
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In addition to physical features of the hair shaft, further information can be 
gleaned from the hair shape and condition. The shaft diameter indicates whether 
the hair is thin or coarse, which may be compiled with other features when 
examining hair for racial origin2. Strands of hair can be naturally straight, wavy, or 
curly, with each style being ultimately dictated by the cross-sectional hair shape. 
Cutting a cross section of a straight hair yields a circular shape, while wavy and 
curly hair have oval and flattened cross sections, respectively2. Much variation 
exists between wavy and curly hairs, but generally, the flatter the cross section, 
the curlier the hair12. These characteristics could indicate natural hair shape, 
even if the hair has undergone heat or chemical curling or straightening. It is 
critical that the hair be examined at several areas throughout the length of the 
shaft, since many characteristics, including diameter or shape (e.g. buckling, 
convoluting, etc.), scale pattern, or pigmentation do not maintain uniformity 
throughout the hair strand4,15. 
  
iii. Racial differences 
Hair examiners may be asked to estimate the racial origin of a head hair 
evidence sample. There are three racial groups typically used to classify hair, 
including Caucasoid (to include Caucasians, Mexicans, and people of Middle 
Eastern descent), Negroid (to include those with African heritage), and 
Mongoloid (to include Asians and American Indians; Figure 7)15,2. Hair 
categorized as Caucasoid may have a range of diameters and colors, but 
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generally has an oval-shaped cross section and even pigment distribution. 
Negroid hair tends to be the thinnest in diameter, with a flat cross section and 
unevenly distributed clumps of pigment. Mongoloid hair tends to be thick in 
diameter, with a round cross section and dense, dark pigmentation2. Hair may 
exhibit multiple characteristics within each of these groups, which could indicate 
the person has mixed-racial heritage, or that a larger sample size is needed to 
determine racial origin12,2. Racial identification is more easily performed on head 
hairs, as less significant variation exists between races in hair from the pubic 
region and other somatic regions12.  
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iv. Acquired hair characteristics 
 Hair evidence may exhibit unique characteristics brought on by disease or 
cosmetic treatment.  In a disease state, hair may display rare yet distinct 
patterns, including color banding in the case of pili annulati, or a beaded 
appearance of shaft diameter in monilethrix10,16. Presence of lice or mold, burned 
areas, or post-mortem root banding may be used to discriminate between hair 
samples10,3. Cosmetic color treatments leave obvious alterations in the 
appearance of hair. Bleach and hair dye color the entire hair strand, so the 
demarcation between the dyed portion and natural growth can indicate that the 
hair was colored, and how long ago it occurred2. A hair that has been habitually 
dyed or treated may exhibit breakage and damage to the cuticle due to chemical 
wear, which could also serve as a distinguishing characteristic2. The evidentiary 
strength of a hair match may increase if known and unknown hairs both exhibit a 
similar sophisticated dye pattern, as continuous and consistent growth of 
approximately 1cm per month creates a measureable timeline of color shades 
and dye frequency6. 
 
v. Collection of hair evidence 
 Human or animal hair examined as evidence in forensic casework is 
referred to as associative evidence, and as such, should serve to associate 
together a suspect, victim, or crime scene9.  When hair evidence is collected at a 
crime scene, it may be hand picked, picked with tweezers, or lifted with tape and 
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ultimately packaged in a paper druggist fold sealed within an evidence envelope. 
Hair may become stretched or broken if handled improperly, so both crime scene 
and hair analysts should use care while collecting and packaging hair samples15. 
If an abundance of hair is present, vacuuming the hair or taking a representative 
sample may be appropriate10. Foreign hair from any region of the body may be 
collected as trace evidence, but scalp and pubic hair comprise those most 
commonly used for microscopic comparisons15. If a microscopic head hair 
comparison is to be performed, as many as 50 known samples should be 
combed or plucked directly from the scalp of a victim, suspect, or any other 
person involved in the case as soon as possible, or within one year of the 
crime13,10. When hair is picked directly from the scalp, sampling is done from the 
front, sides, and back of the head to account for variability between hairs in these 
areas. Combing provides non-growing hair with a telogen root, while plucked 
hairs likely have an active anagen root structure; the two types should be 
packaged separately15. Once in the laboratory, hair is most often mounted on 
slides as preparation for light microscopy15. 
Associative hair evidence may bear varying levels of significance, as a 
strand of hair that has undergone a variety of cosmetic treatments may be 
considered more probative than hair that lacks many distinctive qualities11. 
Distinguishing features allow a hair examiner to comfortably identify a known and 
unknown hair as being similar or dissimilar. Both Gaudette and Bisbing have 
outlined which characteristics describe “common, featureless” hair, which is 
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noted as having a yellow-brown color, straight, fine shape, and medium, evenly 
distributed pigment density, amongst other attributes11,5. Without any 
distinguishing features, it becomes much more difficult to determine that 
featureless hairs are similar to each other with the same level of confidence as 
two similar hairs with clear, distinctive characteristics.  
 
vi. Microscopy 
 Microscopy was the most frequently utilized method of hair analysis and 
comparison throughout much of the 20th century. Microscopy is performed on 
hair evidence samples to confirm that a sample is indeed human hair, and to find 
similarities or discrepancies between the evidence and known hair collected in a 
case. It is the main method for identifying somatic region features, racial origin, 
and acquired hair artifacts, and thus, the use of different types of microscopes is 
critical for successful analyses. The stereomicroscope has the least 
magnification power (0.8 – 8 times magnification), and is used first to examine 
macroscopic aspects of the hair, to include its general color, the presence of a 
root structure, or the identification of accompanying trace evidence such as 
blood, debris, or fibers2,15. Next, a compound microscope is used at much higher 
magnification (40 – 400 times magnification) to observe and document the 
numerous internal features and structures of the hair, including ovoid bodies, 
medulla, and pigment within the hair shaft, as well as scale pattern after a cast is 
made of the cuticle surface2. Köhler illumination is recommended for use with the 
16 
 
compound microscope to ensure samples are viewed under similar optimal, 
balanced lighting conditions10.  
 A common forensic microscopy tool is the comparison microscope, a set 
of two connected compound microscopes that allow the analyst to view two 
separate evidence samples simultaneously, side-by-side, and at the same high 
magnification that a single compound microscope would allow. After performing 
separate microscopic analyses on a known and unknown hair evidence sample, 
the hair examiner may use a comparison microscope to visually assess 
similarities or differences between the hairs at the same time10. Samples chosen 
should be in the same growth phase to maximize the likelihood of uniformity 
between samples due to inherent hair variability, even between samples from the 
same person15. A PLM may be used to highlight differences between layers of 
the hair, as the isotropic cuticle and medulla would exhibit a strong contrast 
between the birefringent cortex when viewed under a PLM2. Scanning electron 
microscopes have proven useful in the field, specifically for examination of the 
cuticle, although, perhaps due to the high cost or lack of access, they are not 
consistently used2,17,18.  
 
vii. DNA 
 DNA testing superseded microscopy as a more objective, definitive 
method of hair comparison when it was first applied to the hair analysis field in 
the late 1980s19,20. Nuclear DNA (nDNA) is present in cell nuclei and provides 
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genetic material representative of both biological parents. Mitochondrial DNA 
(mtDNA) is found in the mitochondria within the cytoplasm of all cells, and 
provides genetic information from the biological mother only2. The root sheath of 
a growing hair may contain a variable amount of nDNA, the type of DNA which, 
due to its high discrimination power, is considered ideal for obtaining a DNA 
profile; however, the frequency of hairs in the anagen growth phase among 
forensic samples is low15,21. If sufficient nDNA or mtDNA is present within a hair 
sample, it can be amplified into a genetic profile which can be used to distinguish 
between contributors of known or unknown hair samples15. Results from DNA 
comparisons consist of three conclusions: inclusion, exclusion, and inconclusive. 
An inclusion occurs when the contributor of the known hair can be included as a 
possible contributor of the unknown hair. A finding of exclusion indicates that the 
contributor of the known hair can be excluded as the contributor of the unknown 
hair. An inconclusive result occurs if the DNA volume is too low or too degraded 
to obtain a full profile of either sample22.  
 At its inception, DNA analysis was performed by the restriction fragment 
length polymorphism (RFLP) method, which required hundreds of nanograms 
(ng) of high-quality nDNA20. The DNA quantity within the attached root sheath of 
a freshly plucked hair varies greatly, and could contain between 1 - 750ng of 
nDNA23. Nevertheless, forensic hair evidence is mostly comprised of shed hair 
lacking a root sheath which may yield only 1 - 10ng or less23, which lead to the 
finding by Higuchi et al. that nDNA could not be detected in hair shafts using 
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RFLP20. The RFLP method was soon replaced by the polymerase chain reaction 
(PCR) method which requires a smaller volume of DNA for successful extraction, 
and the DNA itself does not need to be pristine in quality20. Since mtDNA is 
available in hair regardless of its growth phase, it has become a reliable and 
validated source of DNA sequencing data in hair24,7. Although, due to the 
recovery of only half of the complete genetic code from mtDNA, it is not 
considered to have full individualizing power as nDNA does, but remains an 
effective means of discriminating between samples that are microscopically 
similar25. 
 Due to the fact that DNA testing is more costly and time consuming than 
microscopic analysis, it is not feasible for all hair evidence to receive DNA testing 
when a quick inspection under a microscope could exclude dissimilar samples in 
minutes8. Additionally, Kolowski describes hair as an imperfect source for nDNA 
or mtDNA profiles when compared to other biological fluids due to the variability 
in DNA quantity and quality. To balance efficiency and accuracy, laboratories 
may have success combining both microscopic and DNA methods; microscopy is 
often used as a screening tool to ensure that only quality, worthwhile hair 
samples are submitted for DNA analysis8. 
 
viii. Attempts to reduce subjectivity 
 The longevity of microscopy methods as a key aspect of hair analysis 
attests to its true importance in the field. Despite the benefits of this useful, cost-
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effective, rapid means of analysis, hair microscopy techniques lack error rates 
and reliability statistics to support test results. Even a highly skilled and 
experienced hair analyst may contribute subjectivity into his or her analysis. 
Several forensic hair microscopy specialists have tried to combat the stigma that 
microscopic analyses are fruitless without some form of mathematical support, 
and many have attempted to create these statistics in their own studies, some 
with very controversial results. 
 In 1974, Gaudette and Keeping worked to create probabilities for 
successful identifications by using a punch card system26. Each punch card 
contained 23 categories of hair features, for example color, and within each 
category were numbers corresponding to variations within the category; in the 
color example, gray was assigned a 1, yellow a 2, yellow brown a 3, and so on. 
The categories were divided by major or minor status; major characteristics, like 
color and medulla, were not expected to vary between samples, whereas minor 
characteristics, like cross-sectional features and pigment size, may vary between 
hairs. An analyst would perform the hair examination, punch the card in 
accordance with the results, and match up cards with identical major 
characteristics. Minor characteristics were considered to be more flexible so as 
not to prematurely exclude samples that could be similar with further 
consideration under a comparison microscope.  The authors concluded that 
based on punch card matches of 861 hairs, the likelihood that a hair from one 
person would be indistinguishable from the hair of a second person would be 1 in 
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40,737, with an error rate of 1 in 4,50026. Gaudette repeated the study using 
pubic hairs from Caucasians and concluded that if 2 pubic hairs were determined 
to be similar, the probability that they came from separate sources was 1 in 
80027. 
 The Gaudette and Keeping study engendered much interest in the field, 
but not all of it was positive in favor of their statistics. One criticism was that 
these statistics could only appropriately describe the capabilities of the analysts 
who performed the examinations, not the population of analysts28. Barnett and 
Ogle described the bias and error they felt were inherent in the study, and 
mentioned that these flawed statistics were being used implicitly in court9. They 
noted that though the study aimed to create an objective method of hair 
comparison, the study design itself was not objective due to the use of several 
hairs from the same 100 people9, which Gaudette was quick to rebut in a 
defensive paper which justified his methods and calculations29.  
 Wickenheiser and Hepworth repeated the Gaudette and Keeping study 
with the intent of reducing the purported bias in the design. They used multiple 
hairs from 100 people chosen to represent the variation among hairs from one 
individual, and had a third party select additional random hairs to include with the 
collection of samples30. An electronic database of major and minor 
characteristics was used instead of the punch card system, and two analysts 
performed all examinations after an initial exclusionary sort by the database. This 
study was not without its deficiencies, as there was evidence that each examiner 
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not only categorized hair characteristics differently, but their own assessments 
varied throughout the study30. The initial macroscopic sorting process was also 
problematic; the authors admitted that the samples were not representative of the 
contributor, which caused confusion. Despite these downfalls, Wickenheiser and 
Hepworth concluded that if two hairs were compared and could not be 
distinguished from one another, the chance that they originated from different 
sources was “remote”30. No subsequent laboratory studies have outlined a 
successful process for the creation of unbiased, accurate probability studies or 
error rates that are recognized in the field. 
 Due to the many examinable aspects of hair, as well as variation in 
microscopic hair examination methods, a survey of hair analysts was 
implemented in 1985 by Robertson and Aitken4. The analysts were asked to 
indicate which specific characteristics they believed were the most probative to 
aid in a successful inclusion or exclusion of evidence, and also to rate the utility 
of a prototype hair examination worksheet prepared by the authors4. The survey 
was disseminated internationally and detected the highly polarized opinions 
regarding the number of classification categories that each examiner viewed as 
necessary to complete their analyses31. Analysts in the United Kingdom (UK) felt 
that fewer categories were needed to complete their analyses, whereas United 
States (US) analysts responded that they wanted a significantly higher number of 
categories. The authors suggested that UK analysts were more conservative, 
and that with limited categories, they reduced their own discriminating power, 
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while analysts in the US created more opportunities to impart subjectivity in their 
analyses when they requested adding more categories for comparison31. 
  Robertson and Aitken were distressed by data they received regarding 
the utility of uniform hair analysis data sheets, as a few analysts responded that 
keeping diligent notes or data sheets was not necessary, and that they could 
comfortably determine a positive association without providing any written 
justification for this finding. Some explained further that note taking would not 
matter, as their comparisons were of little evidentiary value4. Others felt 
conversely and expressed favorable opinions of the uniform documentation 
method, but noted having difficulty when organizing notes about visual 
differences found throughout the length of the hair without a more thorough, 
detailed data sheet4. At the conclusion of the survey, analysts were prompted for 
general comments regarding the hair examination process, and many described 
frustrations with overall subjectivity of the analysis, as well as the need to 
standardize hair terminology and examination procedures throughout the field4.  
 
ix. National Academy of Sciences report 
 In 2009, the National Academy of Sciences (NAS) released a report 
regarding the current status and future directions of forensic science at the 
request of the United States Congress. A large committee was asked to study 
laboratory protocols, quality control and quality assurance methods, and 
research practices to assess several key areas. These areas included resource 
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and staffing needs, potential advancement of technology, and existing evidence 
examination methods32. Among many other objectives, disciplines of forensic 
evidence were analyzed, to include hair examination practices, and the accuracy, 
reliability, and scientific value of each evidence test method was determined. The 
results of this investigation were reported as recommendations aimed to improve 
the field of forensic science as a whole, and several applied to discrepancies 
uncovered in the hair examination field specifically. The report promoted the use 
of best laboratory practices, uniform terminology in reports and testimony, and 
further research into the validity and repeatability of protocols. Another aim 
included increasing the number of laboratories accredited, as well as availability 
of training opportunities and proficiency testing to forensic analysts to ensure the 
integrity of their work and the field32. 
 Hair examination was noted in the NAS report as being one of the “most 
vulnerable” forensic sciences along with handwriting and bite mark analysis, but 
it reflected the strength of a forensic comparison accurately, and stated that hairs 
can only be deemed similar, meaning an unknown sample may have come from 
the known contributor or any other contributor having similar qualities, or 
dissimilar, meaning the known and unknown hairs did not come from the same 
source32. The report mentioned the unsuccessful effort by Gaudette and Keeping 
to create probability statistics for hair comparisons and further attempts to 
generate examiner success rate statistics26,30. It also pointed out that no 
standards or protocols exist outlining how many hair features two samples need 
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to have in common to be considered similar, or how much training is required for 
an analyst to be considered a competent, skilled hair examiner32. Due to the lack 
of stringent, uniform procedures, error rates, or statistics supporting hair 
comparisons, the NAS report concluded that microscopic hair comparisons 
should only be performed in conjunction with mtDNA analysis, and have no utility 
on their own for individualization purposes, although the report noted that further 
investigation should elucidate whether any quantifiable benefit exists when 
combining microscopic examination results with mtDNA testing32. 
 
x. Purpose 
The purpose of this study is to determine what current practices and 
procedures are being followed in the field of hair examination and comparison, 
three years following the request of a large-scale overhaul of hair analysis by the 
NAS. Determining the analyses which are presently being performed will 
elucidate the purported amount of variation that may exist within test methods in 
the field, as well as highlight whether the issuance of the NAS report has unified 
the actions of hair examiners over the last three years. Variability in training and 
work experience of hair analysts, as well as their views regarding the value of 
hair comparison evidence, will also be assessed. 
 
 
 
25 
 
Methods 
A 23-question online survey was created using software by SurveyMonkey 
(www.surveymonkey.com, Palo Alto, CA; Appendix 1) and was distributed to 
members of the American Society for Trace Evidence Examiners (ASTEE).  
Initial questions were general and appropriate for any trace evidence examiner to 
gauge which laboratories were represented and which performed microscopic 
hair analyses. If the ASTEE member affirmed that he or she performed any type 
of microscopic hair examination, the survey continued with specific questions 
regarding laboratory experience, training, and test methods.  Those who perform 
full microscopic hair comparisons between known and unknown samples were 
asked to indicate which of 26 specific hair features were used in their 
comparisons. These features were adapted from guidelines published by the 
Scientific Working Group on Materials Analysis (SWGMAT)15. If the ASTEE 
member did not perform microscopic hair examinations, the survey ended 
following the general question portion. Those surveyed were asked the name of 
their laboratory of employment to ensure no data duplication occurred.  
Survey data was analyzed by individual examiner and by laboratory. 
When multiple analysts worked at the same laboratory, the data required 
consolidation to create a representative sample of that laboratory. No significant 
differences existed between representative laboratory data and individual analyst 
data. When discrepancies existed between data of examiners within the same 
laboratory, consolidation of survey data was based on the length of hair 
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examination experience and training period of the examiners. When 
discrepancies existed between laboratory members with similar training and 
experience, precedence was given to the examiner who provided supplemental 
rationale for his or her responses. Duration of hair examination experience and 
length of training period were included from those who personally performed 
microscopic hair examinations. Only when an ASTEE member performed full 
microscopic hair comparisons was his or her list of specific hair features included 
in the analysis. A total number of features was created for each laboratory and 
each individual (e.g. 23 out of 26 possible features). In laboratories containing 
multiple analysts, an average number of hair features was taken to create the 
representative sample. Data is reported as a percent or mean ± standard 
deviation (SD) as indicated.  
 
Results 
 Survey data was collected from 117 participating members of the ASTEE 
from 66 laboratories. Of the laboratories represented, 89.4% were accredited by 
the American Society of Crime Laboratory Directors- Laboratory Accreditation 
Board (ASCLD-LAB) or Forensic Quality Services (FQS). One member surveyed 
performed animal hair examination only, and was excluded from the study. Nine 
members surveyed did not include a laboratory of employment and were 
excluded from questions regarding laboratory practices as a whole to avoid 
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unintentional data duplication. Data regarding the geography of participating 
laboratories is listed in Table 1. 
Table 1. Geographic region of responders.  
        
    
By individual (n=116) N % 
 New England 3 2.6 
 Mid-Atlantic 15 12.9 
 Midwest 28 24.1 
 South 24 20.7 
 Southwest 10 8.6 
 West 25 21.6 
 International 2 1.7 
 Unknown 9 7.8 
    
By laboratory (n=66) N % 
 New England 3 4.5 
 Mid-Atlantic 9 13.6 
 Midwest 16 24.2 
 South 13 19.7 
 Southwest 6 9.1 
 West 17 25.8 
 International 2 3.0 
    
 
 Of the laboratories surveyed, 57 laboratories perform microscopic hair 
examinations, to include both suitability for DNA analysis and full comparisons. In 
7 out of 8 laboratories where hair examinations are not currently being 
performed, they had been performed in the past. Hair examination falls under the 
trace evidence section in 79.4% of laboratories, and in the biology or DNA 
section in remaining laboratories. Each laboratory has an average of 3 hair 
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examiners; 9 laboratories have 1 examiner, 23 laboratories have 2 examiners, 9 
laboratories have 3 examiners, and 13 laboratories have 4 or more examiners. 
The number of hair examiners was unknown in 6 laboratories. When asked 
whether the NAS report affected the performance of hair analyses in each 
laboratory, 87.1% of laboratories reported that it had not.  
 Eighty-five survey respondents perform hair examinations, comprising 
77.3% of surveyed participants (Figure 8). A majority of hair analysts have 
performed hair examinations for more than 10 years and were trained for more 
than 3 months (Figures 9 and 10). Preliminary screening for DNA purposes was 
done by 93.6% of analysts, while 82.5% reported performing full microscopic hair 
comparisons (Figure 8). Out of 26 hair features that comprised a full hair 
comparison, the average number of features used by each individual analyst and 
each laboratory was 24 ± 2. Specific information regarding the frequency of use 
of each hair feature by analyst and by laboratory is depicted in Table 2.  
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Figure 8. Performance of hair analysis activities including examinations, 
DNA screenings, and full comparisons by individual analyst. 
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Figure 9. Length of microscopic hair examination experience. 
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Figure 10. Length of hair examination training received before 
independent analysis was permitted. 
30 
 
Table 2. Hair characteristics examined during microscopic hair 
comparison. 
        
Characteristic Used by lab (%) Used by analyst (%) 
    
Origin    
 Human/animal origin 100 100 
 Body origin 97.4 98.5 
 Racial origin 76.9 81.8 
 Root identification 97.4 98.5 
    
Shape    
 Form 100 100 
 Shaft 100 100 
 Proximal ends 100 97 
 Distal ends 100 100 
    
Color and pigment   
 Hue 100 100 
 Color intensity 100 98.5 
 Artificial treatment 100 100 
 Pigment size 92.3 95.5 
 Pigment density 97.4 97 
 Pigment distribution 97.4 97 
 Pigment aggregation 100 100 
 Pigment aggregate size 94.9 90.9 
    
Cuticle, Medulla, and Cortex   
 Outer cuticle margin 92.3 86.4 
 Inner cuticle margin 79.5 74.2 
 Cuticle thickness 100 100 
 Cuticle appearance 69.2 69.7 
 Medulla 100 100 
 Cortex 97.4 100 
    
Acquired characteristics   
 Disease states 79.5 78.8 
 Non-color treatment 56.4 60.6 
 Damage 97.4 97 
 Artifacts 97.4 92.4 
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 Examination of the hair root for tissue and growth phase appropriate for 
DNA testing was performed by 98.5% of analysts. Features of the root required 
for DNA analysis including growth phase and presence of tissue, as reported by 
each analyst and laboratory are described in Figure 11.  The majority of analysts 
perform microscopic hair comparisons before sending hair evidence for nDNA or 
mtDNA analysis (Figure12). Nuclear DNA analysis is more likely to be performed 
in the same laboratory as the examination than mtDNA analysis, which is most 
often performed at an outside laboratory (Figure 13). The opinions of 64 hair 
analysts regarding the utility of hair examinations are represented in Figure 14. 
Most commonly, hair examinations were viewed as supplementary evidence to 
be used in conjunction with DNA testing, as reported by 59.4% of analysts. Hair 
evidence is viewed as suitable standalone case evidence without accompanying 
DNA data by 18.8% of analysts, and as a screening tool only by 7.8% of 
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Figure 11. Performance of root examination and subsequent root structures 
or tissues required for DNA analysis. 
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analysts. Nine analysts reported that none of these definitions represented their 
view of hair examinations and provided comments to explain their responses. 
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Figure 12. Prevalence of the performance of microscopic hair 
comparisons prior to DNA analysis, as reported by individual analyst. 
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Figure 13. Location of DNA testing, as reported by individual analyst. 
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Discussion 
i. NAS report recommendations vs. survey findings 
 The NAS report urged laboratories to ensure that regular proficiency 
testing and thorough, proper training were being performed, and that uniform hair 
examination procedures were established and maintained in each laboratory. 
The present survey aimed to determine whether some of these 
recommendations were being followed by forensic hair examiners, and whether 
variation in training, proficiency testing, or microscopic hair comparison 
procedures existed. Although no survey questions specifically addressed 
proficiency testing, the fact that 89% of laboratories surveyed were accredited 
indicates that high standards of proficiency testing were met in most hair analysts 
surveyed. Accreditation standards require that forensic analysts in each 
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Figure 14. Current opinions of hair analysts regarding the use of hair 
examinations in the forensic field. 
34 
 
discipline be tested for proficiency before performing casework independently, 
and that annual proficiency testing be performed thereafter by an approved test 
provider throughout a five-year accreditation period37,38. Test scores are 
reviewed by a proficiency review committee to ensure the competence of each 
analyst, and each laboratory is required to document the testing schedule to 
ensure it is performed in a timely manner38,37.  
 Most hair examiners received lengthy training that lasted 3 or more 
months and acquired an impressive amount of experience in the field, most often 
spanning 5 or more years. Some laboratories were much better staffed than 
others, with 9 laboratories employing only one hair examiner, and 13 laboratories 
employing 4 or more hair examiners. While this finding speaks highly of the 
education, experience, and breadth of knowledge hair analysts possess, it 
suggests a very low hiring rate for new hair analysts. Several factors may 
contribute to this lack of new hair examiners. Perhaps laboratory supervisors 
value the skills and proficiency of current analysts and are therefore not seeking 
new hair examiners, or they may not have funding available to hire supplemental 
staff members. Another possibility could be that as these experienced examiners 
retire, they are not being replaced due to budgetary constraints in laboratories, or 
the perceived minimal value of hair analysis. The training regimen does not 
appear to be waning in new employees, as most analysts with less than one year 
of hair examination experience received over 3 months of training. 
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 Despite not having a standardized, consistent protocol for microscopic hair 
analysis, very little variation existed between the microscopic hair comparison 
procedures of each analyst or each laboratory. Additionally, very few examiners 
reported that any laboratory procedures had been affected by the issuance of the 
NAS report. In laboratories where the NAS report had influenced procedures, 
specific report wording and clearer statements of the limitations of hair 
examinations were added to all forms of documentation. The NAS report lead to 
the institution of a secondary examiner review policy following hair comparisons 
in one surveyed laboratory, and a stark shift to the performance of only 
preliminary screening examinations for DNA in another. The small impact of the 
NAS report on laboratory procedures may result from the high level of experience 
and proficiency of examiners who are comfortable and confident in the analytical 
procedures they have been performing for years and see no reason to change 
these procedures. Hair analysts may have perceived that microscopic hair 
examination methods were not as diverse as the NAS report alleged, and 
therefore, took no action to alter any procedures. Laboratory managers may have 
been reluctant to make immediate changes to their procedures following the NAS 
report, which indicated that a future leadership change may be forthcoming. The 
NAS report recommended the formation of a large-scale governing body with the 
purpose of providing oversight and support of forensic initiatives which would 
likely play a role in the unification of standard operating procedures. Crime 
laboratory directors may be reserving departmental changes until this likely 
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lengthy process has taken place, or more funding has been provided for any 
needed changes. 
 Conclusions from the NAS report indicate that forensic hair analyses do 
not provide valuable results without being directly accompanied by DNA test 
data. Although a lack of significance is imparted upon the hair examination field 
by the NAS report, hair examination is still quite common, as members of the 
ASTEE indicated that some form of hair analysis, whether it be for DNA suitability 
or a full hair comparison, is being performed at almost all of the laboratories that 
participated in this study. Hair analysis most often fell under the trace evidence 
category, and since trace evidence is a specialty of ASTEE members, the 
frequency with which hair evidence is tested in their facilities may be inflated 
when compared to all forensics facilities, as certain specialty laboratories may 
not perform any trace evidence analysis, such as specific toxicology laboratories 
or DNA testing facilities. 
 A few laboratories do appear to be redirecting hair examination duties 
from trace analysts to other forensic technicians, or eliminating them all together. 
A majority of laboratories that do not currently perform hair analysis stopped due 
to a shift in responsibility from trace examiners to DNA technicians. This trend 
coincides with the finding that hair analysis was listed as part of the biology or 
DNA sections as opposed to trace evidence sections in about 1 in 5 laboratories. 
Those surveyed indicated that when hair analysis became delegated to a DNA 
section, the analyses became solely for suitability purposes, and that further 
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microscopic examination or comparisons were no longer performed. One analyst 
was part of a large hair examination program comprised of several proficient 
analysts when the program was discontinued and refocused to suitability analysis 
in the DNA section.  
 Other reasons that hair examinations were not being performed in 
laboratories today included lack of continued training and proficiency testing, as 
well as reallocation of hair examiners to other types of evidence. Several of these 
reasons were echoed in the NAS assessment of hair examination, which 
indicated that members of the field are aware of the critical importance of regular 
proficiency testing and stringent training. Reallocation of personnel to other areas 
of forensic analysis may occur for several reasons, to include staff shortages, 
evidence backlogs, or financial constraints. It is possible that in these select 
laboratories, the directors saw hair examination as a program with less value 
than others; however, since an overwhelming majority of laboratories surveyed 
continue to perform microscopic hair examinations within the trace evidence 
section, this trend is not pervasive within the field at this time. 
 
ii. DNA suitability vs. full comparison analysis 
 Suitability examinations for DNA and full microscopic hair comparisons are 
currently being performed at almost the same rate in the laboratories surveyed. 
Though this statistic has likely changed dramatically over the last three decades 
in favor of more frequent DNA suitability examinations, they have not yet 
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surpassed full microscopic comparisons, despite the heightened evidentiary 
strength of DNA evidence over microscopic hair examinations that the NAS 
report suggested. There is, however, a slight difference between these two forms 
of examination at the analyst level, as 12% more analysts performed hair 
screenings for DNA purposes than full hair comparisons. This difference may 
suggest that laboratories are allocating forensic hair examiners differently such 
that several are trained to perform DNA screenings, while fewer analysts 
regularly perform full microscopic comparisons. It may also suggest that the need 
for DNA screening is greater at present than hair comparisons, or that hair 
evidence is more frequently submitted without accompanying hair standards with 
which to perform a full microscopic comparison.  
 
iii. Full microscopic hair comparisons 
 The NAS report recommended that all facets of forensic science should 
create and conform to uniform procedures and best laboratory practices to 
ensure continuity and integrity of evidence analysis. Presently, guidelines set by 
trace evidence groups like SWGMAT provide recommended hair features to 
examine during a hair comparison, but no standard operating procedures exist 
for the process. Despite this fact, very little variability was found between hair 
analysts or between laboratories regarding which hair features were analyzed 
during hair comparisons. Of the recommended hair features contained within the 
present survey, laboratories and individual analysts reported referencing almost 
39 
 
all of them during hair comparisons, with 8 of these features, including human or 
animal origin, pigment aggregation, and medulla, reportedly being used during 
comparisons by 100% of responders. Three of the features utilized least often 
were inner cuticle margin, cuticle appearance, and non-color treatments such as 
hair product, perms, or straightening treatments. Though these features were the 
least-often used, they were still referenced by over half of individual analysts and 
laboratories, highlighting the small amount of variability between comparisons. 
 The analysts were asked to indicate any additional hair features or tests 
not listed in the survey that are a part of their microscopic hair comparison 
regimen. Some supplemental features were quite common, including scale 
pattern, hair shaft diameter, and cross-sectional analyses. Analysts also 
suggested examining the hair surface for residues or contaminants, or examining 
the hair with oblique lighting. Enhancing the comparison with a PLM was noted 
as being beneficial when determining cuticle thickness, medulla presence in 
densely pigmented hair, and shaft irregularities. Examinations throughout the 
length of the hair shaft were suggested to ensure that evenness or variation in 
the distribution of features was accounted for. The most unique suggestion was a 
methylene blue staining method which may be used to visualize the presence 
and distribution of pores and damage throughout the hair shaft33.  
 Though almost all of the microscopic hair features found in the survey 
were being used by most laboratories, this collection of additional features could 
add several discriminating data points to a hair comparison. With the lack of 
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uniform hair comparison procedure, it is possible that a laboratory may not be 
aware of all the comparison points that other laboratories are using. Until a 
uniform procedure is established, laboratories should be encouraged to share 
their procedures with one another to allow for the spread of information regarding 
unique and effective test methods.   
 
iv. DNA suitability 
 When head or pubic hair evidence was sent on for either nDNA or mtDNA 
testing, hair analysts reported that it was most often subjected to a microscopic 
hair comparison first. Hair received an examination preceding nDNA testing 
about 80% of the time and around 90% of the time before mtDNA testing. 
However, more analysts sent hair evidence samples for mtDNA testing than 
nDNA testing, which may account for the slight discrepancy. Most analysts sent 
hair samples for nDNA testing within their own laboratory; mtDNA testing most 
often occurred in a separate facility. Hair analysts performed some type of root 
examination on almost every hair evidence sample, and individual analysts 
demonstrated different approaches to examination and submission for DNA 
analysis. Several analysts inspected the root sheath for the specific growth 
phase, anagen being the most popular phase submitted for nDNA testing, and 
incrementally fewer catagen and telogen hairs with present germinal nipple, 
epithelial, or follicular tissue were sent for nDNA analysis thereafter. A second 
approach used by several laboratories included simply sending hair for DNA 
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testing if it possessed any kind of root sheath or tissue present, which was the 
most popular and most frequently used method of nDNA suitability assessment.  
 If known standard hair samples were available and of good quality, the 
hair analysts opined that a microscopic examination would ideally be performed 
prior to any kind of DNA analysis; however, this was not always possible.  
Several factors may dictate whether a microscopic examination occurs prior to 
DNA testing, including instructions and requirements by internal and external 
agencies. Some analysts noted that they perform hair examinations only if they 
are specifically requested by the submitting agency, a prosecutor, or their own 
laboratory supervisor. Occasionally, a DNA testing laboratory may require that a 
microscopic examination is done prior to processing a hair sample, or that they 
perform the examination in the DNA facility themselves. One hair examiner from 
an mtDNA laboratory stated that the microscopic hair examinations performed 
there were considered highly valuable.  The procedure at one laboratory includes 
sending the hair initially to the DNA section to examine the hair first for blood or 
body fluids, after which the hair is returned for a microscopic examination, and 
then resubmitted for further DNA analysis. It is also possible that hair submitted 
for DNA analysis without a previous microscopic examination may be returned to 
the trace section if the DNA extraction was unsuccessful. One analyst offered 
that when this is the case, examining the hair for racial identification or body 
origin may be helpful contributions to the case. 
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 Other challenges preventing a hair analyst from performing a microscopic 
comparison before submitting the sample for DNA testing are internal and 
potentially analyst-driven. Some analysts explain that they purposefully perform 
microscopic examinations after DNA analysis because if nDNA or mtDNA 
extraction is successful, they will not have wasted time on a comparison that was 
trumped by DNA-based conclusions. Other analysts state that their laboratories 
lack the sufficient number of trained hair examiners required to perform hair 
analyses promptly, and when staffing is sufficient, the examiners may be working 
through a backlogged collection of trace evidence that would require the hair 
evidence to experience a substantial delay before being looked at by a hair 
examiner and processed for DNA purposes. If the waiting period is considerable, 
the hair may be sent for DNA testing without an examination for reasons of 
expediency. A trend was detected among several analysts who reported that 
they are currently being asked to perform hair comparisons less often than in 
previous years, with a macroscopic examination or root examination occurring 
more frequently.  
  
v. Perceived value of microscopic hair analysis 
 Hair analysts provided several strongly-worded justifications and beliefs 
regarding the value and utility of hair examinations, which demonstrated their 
strong will and passion for processing hair evidence. When asked how hair 
examinations should ultimately be used in the forensic field, many were hesitant 
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to commit to just one answer. A majority of analysts felt that hair examinations 
should be used as a supplement to DNA testing, with the next largest group 
considering it to be an acceptable form of standalone evidence without any DNA 
information, and lastly, a small number of analysts viewed it as a valuable 
screening tool. A small number of analysts reported that none of these 
functionalities fully represented their feelings regarding hair examination use, and 
provided subsequent justification. Almost all analysts provided comments for this 
question, and the overwhelming majority stated that they would have liked to 
have chosen more than one answer, or added the caveat that microscopic 
examinations are not always used for the same purpose. Ten analysts consider 
hair examinations to be fruitful as supplementary evidence as well as standalone 
evidence, while 8 see it as serving both supplementary and screening purposes, 
and 3 would have preferred to identify it as serving all of the listed purposes. 
Depending on the quality of the hair sample, the circumstances of the case, and 
the presence of other DNA or hair evidence in the case, analysts found and 
explained multiple valuable purposes that hair evidence may serve. 
 Although hair examinations were often considered as supplemental, it was 
made clear that DNA testing should not be considered a replacement for hair 
examinations. Many analysts listed several benefits of a hair examination that 
DNA testing simply could not provide, to include information about the crime 
scene in the case of burnt hair, or circumstances of the crime itself in the case of 
forcibly removed or decomposing hair. Related victims or suspects may have the 
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same mtDNA profile, so a microscopic hair examination may provide a 
morphological discrimination between hair samples when genetic testing cannot. 
If DNA analysis is unsuccessful due to insufficient length or root viability, data 
from a hair examination may still provide racial origin information or body origin of 
the hair, which may add value to the case. Additionally, DNA testing may be time 
consuming and costly, so if a case is progressing quickly and the hair is at the 
bottom of an imminent backlog, or financial constraints are restricting the testing 
of case evidence, a microscopic hair examination may serve as a fast and 
inexpensive method of gaining information and making exclusions in the case. 
 A successful DNA identification using hair samples is of significant 
importance to a case when other biological evidence yields known or unknown 
DNA profiles with which to compare the hair DNA. If there are no reference 
standards or prior entries into the combined DNA index system (CODIS) to make 
a positive inclusion with DNA, the testing becomes inconsequential. It is in this 
circumstance that several analysts indicate that they view hair examinations as 
appropriate standalone evidence, as any other associative, circumstantial trace 
evidence would be. If hairs being compared share no similar characteristics, the 
comparison report could be presented as standalone exclusionary evidence. 
 Disagreement still exists among hair analysts as to whether hair 
examinations and comparisons can stand alone in court. The most important 
factor regarding the clarity and effectiveness of hair examination results in court 
is that they be reported with the appropriate level of significance. Several 
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analysts who believe that hair examination conclusions may be used as 
standalone evidence explained that as long as the reports and testimony reflect 
the specific meaning and limitations of the testing, the hair can be presented as 
exclusionary evidence in court. A conservative approach to exclusions should still 
be observed, as analysts agreed that it is more appropriate when in doubt to 
keep a number of possible inclusions rather than wrongly exclude any samples. 
Several analysts expressed the concern that hair evidence is still being 
represented improperly in court, whether that fault is attributed to the analyst for 
not properly explaining the weight of the evidence, or the attorneys for drawing 
the wrong conclusions themselves. It is of utmost importance that a forensic hair 
expert explains that hair comparisons alone cannot lead to positive identifications 
in court.  
 Despite the recommendation of the NAS report that hair evidence be used 
in court when exclusively accompanied by DNA test results, several analysts 
believe that a hair comparison is more valuable than the NAS report implies. 
Many analysts provided the explanation that hair examination evidence has the 
power to exclude and that nDNA or mtDNA are required to determine a positive 
inclusion, while others provide no such distinction, indicating that they may 
believe hair could be used as standalone evidence in any capacity. One analyst 
stated that if a hair comparison provided a probative positive association, further 
DNA testing may not be required. While it is unknown whether this statement is a 
personal belief or a regular practice in his or her laboratory, this statement 
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highlights a main reason why uniformity among laboratory procedures and 
subsequent examination reports is crucial to the proper presentation of trace 
evidence like hair in court. If hair evidence is handled, processed, and recorded 
in the same manner by all hair analysts and a standardized set of conclusions 
are presented during court testimony, attorneys should gain a clear 
understanding of the strength and implications of hair evidence.  Uniform, 
standardized language could potentially reduce the confusion that arises when 
the analyst is ambiguous about the evidence, and the attorney is unclear of its 
implications. 
 
vi. Current opinions in hair analysis  
 Microscopic hair examination, a valued and respected process for over 
one hundred years, may be losing its relevance and significance in forensic 
science today. In a world where technology is advancing further forward each 
day, and countless television shows about forensic science emphasize the 
sophistication and expediency of new, futuristic test methods, microscopic hair 
analysis may appear outdated and, therefore, unimportant. The critical review of 
hair analysis found in the NAS report referenced the failed attempts at validation 
and lack of uniform reporting terminology, called hair examination unreliable and 
imprecise, and concluded that hair evidence without supporting DNA results is of 
limited significance.   
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 Hair analysts are aware of the stigma the NAS report has imparted and 
the trend toward reduction of microscopic hair comparisons in favor of root 
screenings for DNA viability, but do not agree with it. Some analysts believe that 
confusion regarding the significance of hair comparison evidence before DNA 
technology was available, or when DNA evidence was not present in the case, 
has led to false convictions which are presently being exposed by DNA testing.  
Innocent people have been exonerated following periods of incarceration due to 
inappropriate conclusions drawn from hair evidence, which has tainted the 
reputation of hair analysis as an invalid science. Based on the comments 
provided in the survey, hair analysts seemed receptive to recommendations by 
the NAS report, to include the use of consistent terminology in reports, uniform 
protocols, rigorous training, and frequent proficiency testing, and would likely 
strive to improve in all areas to increase respect for the hair examination 
discipline.  
  Despite the strong convictions held by hair analysts, questions still remain 
regarding the procedures and practices in use today. One analyst suggested that 
more well-trained hair analysts should be hired to ensure that sufficient personnel 
are available to review hair comparison results, which in smaller laboratories may 
not be the case. Conflicting opinions were voiced regarding the effectiveness and 
accuracy of racial identification, as some believe it to be valuable case 
information, while others see the associated characteristics as too variable to 
make an absolute judgment. Other surveyed analysts alluded to potential risks 
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associated with the performance of DNA analysis before a microscopic 
examination has taken place, to include the loss of the root structure itself or 
other accompanying trace evidence. One analyst suggested that hair 
examinations should be a mandatory precursor to all DNA testing. During a hair 
examination, the analyst has an opportunity to scrutinize the whole sample for 
microscopic trace evidence or adhered contaminants, an opportunity that would 
be lost if the hair examination became obsolete, or was limited to root screenings 
only. Similarly, another analyst suspected that if trace biological contaminants on 
a hair were missed due to the lack of a full microscopic examination, ensuing 
DNA test results may reflect the profile of the contaminant instead of the hair 
itself. Hair analysts appear to crave the direction and rigidity of a concrete, stable 
set of methods and standards with which to perform their work. 
 
vii. Research and development in the hair analysis field 
 The NAS report encouraged forensic scientists to improve research and 
development efforts in all areas of the field. Despite the fact that microscopic hair 
examinations have historically remained mostly unchanged, scientists are 
currently investigating new ways to integrate enhanced computer technology with 
hair comparisons to streamline and update the process into the 21st century. As 
the process of validating microscopic analysis continues with repeatability studies 
and error rates, several new test methods have been applied to hair analysis to 
improve and supplement the field in recent decades.  
49 
 
 Verma et al. have incorporated an automated neural network technology 
system called the hair morphological analysis prototype (Hair-MAP), and with 
pattern and texture recognition algorithms and analytical techniques that mimic 
the human brain, the system has the potential to analyze 21 hair features used 
by microscopic hair examiners and ultimately determine whether hairs are the 
same or different34. In 2002, the Hair-MAP was capable of detecting 5 of those 
21 features, and could discriminate between hair samples using those features 
with an 83% success rate34. The authors recognize weaknesses in the system, 
including the analysis of transparent or fragmented medullas, and explain that 
the technology is adaptive, meaning the more analyses are performed, the better 
the Hair-MAP will become at making correct determinations. Additionally, the 
authors projected that once the Hair-MAP has the capability of collecting data 
from all 21 hair features, it should display much greater accuracy34. 
 Analyzing hair morphology may also be supplemented by sampling the 
natural chemical matrix coating each strand of hair. Goodpaster et al. explain the 
evolution of a laboratory technique aimed at determining the relative age, sex, 
and even race of a hair contributor by chemically analyzing lipids found on the 
cuticle35. Seminal work by the author highlighted successful isolation of organic 
compounds with supercritical fluid extraction (SFE) coupled with gas 
chromatography-mass spectrometry (GC/MS), a technology which allowed hair 
samples to be distinguishable between people and uniform within the same 
person35.  The authors wished to enhance the sensitivity and efficiency of the 
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initial study, and have since explored several extraction methods and types of 
solvents to optimize the procedure. Correct configuration of the ideal solvent 
polarity and type resulted in the successful extraction and identification of a 
single hair only 1 cm in length based on its outer covering of fatty acids, alcohols, 
and wax esters35. Further testing with additional extraction methods may boost 
the efficacy of this procedure, and with the possible introduction of derivatization, 
the authors hope to create a selective and efficient procedure for characterizing 
hair of low microgram proportions35. 
 The NAS report mentioned that a large downfall of hair analysis is its 
subjectivity and lack of statistical validation. Brooks et al. aimed to tackle both of 
these issues when they incorporated digital photography and imaging software 
capabilities with forensic hair analysis36. Digital photographs were taken of slide-
mounted hairs through an optical microscope at various intervals along the hair 
shaft. Images from the same hair region of multiple hairs were combined to 
create a single montage representative of that region.  Imaging software 
analyzed color intensity and distribution on a pixel scale which created a 
numerical value representing hair color and pigment pattern matching. The 
authors encountered several challenges using this methodology, to include high 
variability when separating hairs of similar color, with success around 84-89% 
depending on the type of computer color model used36. This technology was not 
aimed to take precedence over a microscopic examination by a trained hair 
examiner in the future, but to provide supplementary data to the microscopic 
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assessment. Assigning numeric features to hair samples provides an opportunity 
for database creation and analysis once additional testing and honing of the 
technology have been further developed. Until then, the authors emphasize the 
utility of using high-quality digital images as educational training tools for the 
laboratory or courtroom36.  
 
Conclusions 
 The current state of forensic hair analysis methods, uses, and comparison 
procedures were assessed in hair examiners. Despite criticism of hair analysis 
found in the NAS report regarding the absence of validation statistics and uniform 
procedures, inconsistent proficiency testing of analysts, and high level of 
subjectivity, hair examinations and comparisons remain quite common. A large 
majority of analysts received the same amount of training and have many years 
of experience in the field; however, very few reported that their laboratory 
procedures were affected as a result of the NAS report. Though hair analysts 
lack uniform examination protocols between laboratories, largely the same 
number and type of hair features are being referenced when microscopic hair 
comparisons are performed.  A trend toward the performance of more frequent 
root screenings for DNA viability and less frequent full hair comparisons was 
detected and supported by a shift of hair analysis from trace sections to biology 
or DNA sections. Several technologies new to forensic hair analysis are currently 
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being explored to supplement hair analyses with numerical data with the 
objective of reducing subjectivity in forensic hair analysis.  
53 
 
Appendix 1. Microscopic hair examination survey 
1. What is the name of the lab where you work? (This information will only 
be used for database duplication purposes, it will not be published in the 
findings) 
Text box 
 
2. Do members of your lab perform any type of microscopic hair 
examinations (i.e. preliminary screenings or full hair microscopic comparisons 
between known and unknown hair samples)? 
 Yes (if yes, skip to Q4) 
 No (if no, skip to Q3) 
 I don’t know (if I don’t know, skip to Q4)  
 
3. Has your lab performed microscopic hair examinations in the past, but 
stopped performing them currently? 
 Yes 
 No 
 I don’t know 
If yes, please state the reason, if you know it: 
 
4. Does hair examination fall under the Trace Evidence discipline in your 
lab? 
Yes 
No 
I don’t know 
 If no, please state the discipline under which it falls: 
 
5. How many hair examiners are there in your lab? 
1 
2 
3 
4 or more 
I don’t know 
 
6. Did the information found in the NAS report of 2009 affect how hair 
examination is performed in your lab? 
Yes 
No 
I don’t know 
If yes, please describe how it affected your hair examinations: 
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7. Do you personally perform microscopic hair examinations? 
Yes 
No (if no, survey ends here) 
 
8. How long have you been performing microscopic hair examinations? 
Less than one year 
 1-2 years 
 3-5 years 
 5-10 years 
 10+ years 
 
9. How long did you receive training in microscopic hair analysis before you 
began performing your analyses independently? 
1 month 
2 months 
3 months 
More than 3 months 
 
10. Do you perform preliminary hair screening for DNA purposes? 
Yes 
No 
 
11. Do you perform full microscopic hair comparisons with known and 
unknown hair samples? 
Yes 
No 
 
12. Regarding basic hair features, which of the following microscopic 
identifications do you perform? Check all that apply: 
 Human/animal origin 
 Body origin (hair, pubic, etc.) 
 Racial identification 
 Root identification for nuclear or mitochondrial DNA testing 
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13. Regarding hair coloring and pigmentation, which of the following facets of 
hair do you use for comparisons? Check all that apply: 
 Artificial color treatments (dyed, bleached, etc.) 
 Color intensity (light, medium, opaque, etc.) 
 Hue (blonde, black, etc.) 
 Pigment size (coarse, fine, medium) 
 Pigment density (absent, light, medium, etc.) 
 Pigment distribution (uniform, peripheral, one-sided, etc.) 
 Pigment aggregation (streaked, clumped, etc.) 
 Pigment aggregate size (small, medium, large) 
 
14. Regarding hair shape and condition, which of the following facets of hair 
do you use for comparisons? Check all that apply: 
Form (straight, wavy, curly, etc.) 
Shaft (buckling, splitting, regular, etc.) 
Proximal ends (if root is present: growth phase, banding, etc.; if absent:  
severed, decomposed, etc.) 
Distal ends (tapered, rounded, square, etc.) 
 
15. Regarding further analysis of the hair root, which of the following features 
do you use to determine whether a hair is suitable for nuclear DNA analysis? 
Check all that apply: 
Anagen root 
Catagen root with sufficient germinal nipple 
Telogen root with sufficient germinal nipple 
Any visible tissue present 
   
16. Regarding features of the cuticle, medulla, and cortex, which of the 
following facets do you use for comparisons? Check all that apply: 
 Outer cuticle margin (smooth, cracked, etc.) 
 Inner cuticle margin (distinct, indistinct) 
 Cuticle thickness (thin, medium, thick) 
 Cuticle appearance (clear, milky, etc.) 
 Medulla (absent, continuous, discontinuous, etc.) 
 Cortex (ovoid bodies, cortical fusi, size and distribution of each) 
 
17. Which of the following acquired hair characteristics do you look for if 
necessary? Check all that apply: 
 Disease states (pili annulati, monilethrix, etc.) 
 Non-color treatments (hair products, perm/straightening treatments, etc.) 
 Damage (burned, crushed, environmentally/chemically damaged) 
 Artifacts (lice, mold, blood, etc.) 
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18. Please list any other additional forms of microscopic analyses you perform 
that have not been previously described. 
Text box 
 
19. If nuclear DNA is performed on the unknown hair(s), is a microscopic hair 
comparison performed prior to submitting the evidence to DNA? 
 Yes 
No 
 If no, please state the reason:  
 
20. If nuclear DNA is performed on the unknown hair(s), who performs this 
testing? Check all that apply: 
   Nuclear DNA testing is performed in our lab 
    Nuclear DNA testing is performed at an outside lab 
 Nuclear DNA testing is performed, but I don’t know where  
 Nuclear DNA testing is not performed  
 
21. If mitochondrial DNA is performed on the unknown hair(s), is a 
microscopic hair comparison performed prior to submitting the evidence to DNA? 
Yes 
 No 
  If no, please state the reason:  
 
22. If mitochondrial DNA is performed on the unknown hair(s), who performs 
this testing? Check all that apply: 
    Mitochondrial DNA testing is performed in our lab 
    Mitochondrial DNA testing is performed at an outside lab 
 Mitochondrial DNA testing is performed, but I don’t know where 
 Mitochondrial DNA testing is not performed 
 
23. How do you feel microscopic hair examinations should be used in the 
forensic field? 
As a screening tool only 
As supplementary evidence to the DNA results 
As stand-alone case evidence, without the DNA results 
None of the above 
  Please explain further, any of your answers: 
 
24. If you have any further comments, please include them below: 
Text box 
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List of Abbreviated Journal Titles 
 
Croat Med J     Croatian Medical Journal 
Forensic Sci Comm    Forensic Science Communications 
Forensic Sci Int     Forensic Science International 
Int J Legal Med    International Journal of Legal Medicine 
J Crim Law Criminol Police Sci  Journal of Criminal Law, Criminology,  
and Police Science 
J Forensic Sci    Journal of Forensic Science 
J Mammal     Journal of Mammalogy 
J Ultrastructure Res    Journal of Ultrastructure Research 
Methods Enzymol    Methods in Enzymology 
Sci Justice     Science and Justice 
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